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1lobals.pas
ilobal constants:
tero = 0

ne = 1
walf = .5

;lobal variables:

globals.pas

SR process (feeddist.pas)
R process (feeddist.pas)
5A rocess (feeddist.pas)
coordinate file process {feeddist.pas)
gridfile process (feeddist.pas)
oDXEfile process (feeddist.pas)
outfile

feeddist.pas - main program

max drop length

get user parameters (global.pas}

user lambd

_get user parameters (global.pas)

cost per drop kf

get user parameters (global.pas)

feed cable

ity

e

et user parameters (global.pas)

dist copper cable

get user parameters (global.pas}

nid cost

| get user parameters (global.pas)

duct cost per kf

get user parameters (global.pas)

takerate

Jet atAts Aata (global,pas)

lines per bus

et user parameters (global.pas)

lines per house

getistiate data (global.pas)

max dis

et user parameters (global.pas)

MaxCopperPenalty

get user parameters (global.pas)

TR _NOTY

xover

get user parameters (global.pas)

copper tl xover

get user parameters {(global.pas)

tl fibexr xover

get user parameters {global.pas)

copper line max

get user parameters (global.pas)

= = PrEORdaTR WATE )
SA array process (feeddist.pas
i
NomD Z get user parameters (global.pas)
MmCableSizes get user parameters (global.pas)
NumFeedCableSizes get user parameters (global.pas)
NmFiberCableSizes get_user parameters (global.pas)
NumDropTerminalSizes get user parameters (global.pas)
NusManholeSizes get user parameters (global.pas)
NomXCBoxSizes get user parameters (global,pas)
NusTexTypes get user parameters (global.pas)
CopbistCost{] get user parameters (global.pas)
DropTermCost (] get user parameters (global.pas)
CopFeedCost([] get user parameters {global.pas)
FiberFeedCost[] get user parameters (global.pas)
IntfcCost(] get user parameters (global.pas)
Normalstruc{] get_user parameters (global.pas)
SoftRockStxuc(] get user parameters (global.pas)
HaxdRockStruc!] get user parameters (global.pas)
ManholeCost(] get_user parameters (global.pas)
ManholeSpac(] get user parameters (global.pas)
DistPlantMix{] get user parameters (global.pas)
CopFeedPlantMix(] get user parameters (global.pas)
FibFeedPlantMix[] get user parameters (global.pas)
FillFact{] get user parameters (global.pas)
SurfText([] get _user parameters (global.pas)
Sharing(] get user parameters (global.pas)
tl1 redundancy factor get user parameters (global.pas)
pct _dsi1 get user parameters {(global.pas)
pct lsa get user parameters (global.pas)
SpclAccessRatio get state data (global.pas)
Spcliccesslines per bus get user parameters (global.pas)
multiplier 24 get user parameters (global.pas)
pper pl depth _get user parameters (global.pas)
fidber pl t depth et _user parameters (global.pas)
CriticalWaterDepth get user parameters (global.pas)
WaterFactox get user parameters (global.pas)
MinSlopeTrigger get_user parameters (glcbal.pas)
MinSlepe¥actor _get user parameters (global.pas)
MaxSlopeTrigger get _user parameters {(global.pas)
MaxSlopeFactoxr get user parameters (global.pas)
CombSlopeFactor get user parameters {(global.pas)
SoilTaxFactor get_user parameters (global.pas)
DistRoadFactor et user parameters (global.pas)
FeederRoadFactor get user parameters (global.pas)
FiberFillFactor get user parameters (global.pas)
DistanceType et user parameters (global.pas)
oum SAs process (feeddist.pas)
ng calculate microgrid cost (distrib.pas)
tot_tterms process (feeddist.pas)
tot £ process (feeddist.pas)

tot reslines

process (feeddist.pas)

tot _buslines

_process (feeddist.pas)

tl line max get user parameters (global.pas)
fiber cable capacity get user parameters (global.pas)
th2016 get user parameters (global.pas)
th672 get user parameters (global.pas)
th96 get user parameters {global.pas)
22016 get user parameters (global.pas)
b2016 get user parameters (global.pas)
ag72 get user parameters (global.pas)
b672 get user parameters {global.pas)
ag6 get user parameters (global.pas)
b6 get user parameters {(global.pas)
a24 get user parameters (global.pas)
b24 get user parameters (global.pas)
ac96 get user parameters (global.pas)
bc96 get user parameters (global.pas)
ac24 get _user parameters (global.pas)
be24d

get user parameters (glcbal.pas)

tot_ dropfeet

process (feeddist.pas)




jobals.pas

Variable Name

e . Procedure Where: Value Ts Set '’

=i distfeet

globals.pas

Lo Variable Rame:: o o cedurs: ue I8
ac_bur struc get user parameters (giobal.pas)
ac _aer struc get user parameters (global.pas)
ac_tl term get user_ parameters (global.pas)
ac fib term get user parameters (global.pas)
ac_fdi get user parameters (glcbal.pas)
ac hole get user parameters (global.pas)
CloseWindow feeddist.pas - main program
VerboseOut feeddist.pas - main program
UsePrimDist feeddist.pas - main program
CadParam feeddist,pas - main program
tot are process (feeddist.pas)
PrimfucOftiunsity feeddist.pas - main program

feeddist.pas - main program

get_state data (global.pas)

get state data (global.pas)

get cost_data (global.pas)

get_cost data (global.pas)

process (feeddist.pas)

get cost data (global.pas)

ac drop. term get cost data (global.pas)
ac. nid get cost data (global.pas)
max SAls get user parameters (global.pas)

function max

passed variables:
x
Y
pass two variables, return the larger of the two

if x >= y then

max = X
else

max = y
end if

function min

passed variables:
X

y

//pass two variables, return the smaller of the two

process (feeddist.pas)
ot feedfeet process (feeddist.pas)
ot feedcost process (feeddist.pas)
‘ot distcost process (feeddist.pas)
‘ot dropcost process (feeddist.pas)
fot ftcost process (feeddist.pas)
tot ttcost process (feeddist.pas)
tot fdicost process (feeddist.pas)
tot pidcost process (feeddist.pas)
tot dtcost process (feeddist.pas)
tot sais process (feeddist.pas)
tot 1AccLines process (feeddist.pas)
tot households process (feeddist.pas)

Jinaes served rocess (feeddist.pas)

;{ﬁ-uun served process (feeddist.pas)

Total iovestment process (feeddist.pas)

Total lines process (feeddist.pas)

averagé_investment process (feeddist.pas)

tesp

avg_dmoplength process (feeddist.pas)

avg distlength process (feeddist.pas)

avg feadlength process (feeddist.pas)

:c’lo batch feeddist.pas - main program
t exists process (feeddist.pas)

batchfile feeddist.pas - main program

Feed ugd _cable process (feeddist.pas)

“Feed tur_cable process (feeddist.pas)

“feed 18x_cable process (feeddist.pas)

“feed _wgd fiber process (feeddist.pas)

[ feed IuE fiber process (feeddist.pas)

feed sexr_fiber process (feeddist.pas)

feed vgd_structure process (feeddist.pas)
faed hux stxucture process (feeddist.pas)

['mt structure process (feeddist.pas)

f FeedianholeCost rocess (feeddist.pas)
CalcCufeedrill process (feeddist.pas)
CalcCeDist¥Fill process (feeddist.pas)
tot JC_lines process (feeddist.pas)
dist vgd_cable process (feeddist.pas)
dist bur_cable process (feeddist.pas)

Mcnblo process (feedd%st.pas)

M structure process (feeddist.pas)
dist bur structure process (feeddist.pas)
digt ser_structure process (feeddist.pas)

[ pisthnholeCost process (feeddist.pas)

ac ugd_cop get user parameters (global.pas}
[ac bur_cop get user parameters (global.pas)
ac ar_cop get _user parameters (global.pas)
@Fﬁb _get user parameters (global.pas)
ac iz _Zib get user parameters (global.pas)
ﬁﬂfib get user parameters (global.pas)
ﬂltzﬂc et user parameters (global.pas}

if x <= y then
min = x
else
nin = y
end if
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wction sqgr

passed variables
X

//pass a number, return the square of the rumber

sgr = x * %

nction fill factor fn

passed variables:
density
feeder_indicator

local variables:
i

temp

‘/Loop from | to the value in NumDensZones using i. For each value of i, index the FillFact array to get the values for density,
FeedFillFactor, and DistFillFactor. as appropriate.

for i = 1 to NumDensfones
if density >= FillFactli].dsasity then
if feeder_indicator = 1 then
temp = FillFactli).FeadFillFactor
else
temp = FillFactli).DistFillFactor
end if
end if
next

fill_factor_fn = temp

srocedure get user_parameters

local variables:
infile

read the following variables from the file FEEDDIST.PRM (user parameters):

max_drop_length
user_lambda
takerate

lines _per house
Copper_gange xover
multiplier 24
max_copper_distance
MaxCopperPenalty
copper_tl xovar

globals.pas

t1 fiber xover
copper_line max

tl_line max
t1l_redundancy factoxr
faeed_copper_cable capacity
dist_copper_cable capacity
fiber cable_ capacity
copper_placement_ depth
fibex _phc-ont_dgpth
CriticalWaterDepth
WatexFactor
MinSlopeTrigger
MinSlopeFactor
MaxSlopeTrigger
MaxSlopeFactor
CombSlopeFactor
SoilTexFactor

th2016

th672

tho6

pct_dsl

pect lsa

SpclAccessRatio

lines per_ bus
SpclAccesslines per bus
DistRoadFactor
FibarFillFactor
DistanceType
FeederRoadFactor

max EAls

Procedure get _cost data

local variables:
infile
i

read the following variables from the file FDCOST.TXT (cost data):

cost_per drop kf
nid cost
duct_cost_per_xf
22016

b2016

a672

b672

a96

b96

a24

b24

ac96

bc96

read the following variables from the file ANNCHG.TXT {(annual charge data):



sals.pas

ac_ugd cop
ac_bur cop
ac_aser cop
ac_ugd f£ib
ac bur_fib
ac_aexr fib

read the values for the array CopDistCost from the file 26g.txt: )
NumCabhleSizes = 0

for each line in the file
NunCableSizes = NumCableSizes + 1
read in
CopDiatCost (NumCableSizes] .CableSiza
CopDistCost [NumCableSizes] .CostUgd
CopDistCost [NumCableSizes] .CostBur
CopDistCost [NunCableSizes] .CostAer

read the values for the array DropTermCost from the file drop.txt:
MmDropTerminalSizes = 0

for each line in the file
NumDropTesrminalSizes = NumDropTerminalSizes + 1
read in
DropTermCost [NnmDropTemminalSires] .size
DropTermCost [NumDropTerminalSizes] .CostBur
DropTermCost [NumDropTerminalSizes] .CostAer
DropTermCost [NumDropTexrminalSizes] .CostUgd

read the values for the array CopFeedCost from the file 26g,txt:
NumFeedCsblaeSizes = O

for each line in the file
NunFeedCableSizes — NumFeedCableSizes + 1
read in
CopFeedCost [NumFeedCablaSizes) .size
CopFeedCost [NumFeadCableSizes] . CostUgd
CopFeedCost [NumFeadCableSizes] .CostBur
CopFeedCost [NumFeadCableSizes] .CostAexr

13

globals.pas

*W ~ The file 26g.txt is used to populate both the CopDistCost array, and the CopFeedCost array. If these arrays are
meant to be identical, then only one of the arrays should be used. If they are separate because of the possibility that they
might contain different data, then separate txt files should be nsed to populate them. The way it is now, they will always be
identical.

read values for the array FiberFeedCost from the file fibrcabl.txt:
NumFibercableSizas = 0

for each line in the file
NumFiberCableSizes = NumFiberCableSires + 1
read in
FiberFeedCost [NumFiberCableSizes] . size
FiberFeedCost [NumFiberCableSizes] . CostUgd
FibarFeedCost [MumFiberCablesizes) . CostBur
FibarFeedCost [NumFibarCableSizes].CostAer

read values for the array IntfcCost from the file fdi.txt:
NumXCBoxSizes = 0

for each line in the file
NumxCBoxSirzes = NumXCBoxSizes + 1
read in
IntfeCost [NumXCBoxSizes] . Numlines
IntfcCost [NumXCBoxSizes) .Cost

read values for the array NormalStruc from the file normal.txt:
NumDensZones = 0

for each line in the file
MaxDensZones - NumDensZones + 1
read in
NormalStruc [NumDensZones] .Density
NormslStruc [NumDensZones} . FeadUgd
N l1S¢truc [NumD z ].DistUgd
N 1Struc [Nunl Z ] . FeedBur
1struc [Nual z ] . DistBux
NormalStruc [NumDengZones] . FeedAer
NormalStruc (NumDensZones] .DistAer

read in the values for the array SoftRockStruc from the file softrock.txt:

for i = 1 to NumDensZones
read in
SoftRockStruc(i] . Density
SoftRockStruc(i] . FeedUgd
SoftRockStruc(i] . DistUgd
SoftRockStruc({i] . FeedBur
SoftRockStrxuc{i)] . DistBur
SoftRockStrucli) . Feediar
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SoftRockStruc(i] . DistAer

*W — see below

read in the values for the array HardRockStruc from the file hardrock.txt:

for i = 1 to NMumbensZones
read in
HavrdRockStruc(i)] . Density
BardRockStruc{i) . FeedUgd
RardRockStruc([i] . DistUgd
BardRockStruc(i] . FeedBur
HardRockStruc(i] . DistBur
HardRockStruc (i) . FeadAer
HardRockStruc(i] .DistAer

*W — see below \
\
read in the values for the array ManholeCost from the file mhcost.t'xt:

NumManholeSizes = 0

for each line in the file
NumManholeSizes = NumManholeSizes + 1
read in
ManholeCost [NumManholeSizes] . DuctCap
ManholeCost [NumianholeSizas] .NormalCost
ManholeCost [MumidanholeSixes) . SoftCost
ManholeCost [NumianholeSizes] . HardCost

read in the values for the array Manholespac from the file mhspace.txt:

for 1 = 1 to RumDensZones
read in
ManholeSpac(i).Density
ManholeSpacii} .ManholeSpacing

*W - see below

read in the values for the array DistPlantMix from the file distrmix.txt:

for i = 1 to NumDensZones
read in
DistPlantMix{i) . Density
DistPlantMix(i)] . UgdPct
DistPlantMiz([i] .BurPct
DistPlantMix{i] .AerPct

*W — see below

read in the values for the array CopFeedPlantMix from the file fdrmix.txt:

globals.pas

for i = 1 to NumDensZonas
read in
CopreedPlantMix|i).Density
CopFeadPlantMix(i} . UgdPct
CopFeedPlantMix(i] . BurPat
CopFeedPlantMix(i) .AerPct

*W - see below

read in the values for the array FibFeedPlantMix from the file fdrmix.txt:

for i = 1 to NumbDensZones
read in
FibFeedPlantMix{i) . Density
FibFeedPlantMix(i] . UgdPct
FibreedPlantMix[i) . BurPct
FibFeedPlantMix{i) .AerPct

*W — The file fdrmix.txt is used to populate both the CopFeedPlantMix array, and the FibFeedPlantMix array. If these
arrays are meant to be identical, then only one of the arrays should be used. If they are separate because of the possibitity
that they might contain different data, then sepsrate txt files should be used to populate them. The way it is now, they will
always be identical.

*W - see below

read in the values for the array FillFact from the file fillfact.txt:

for 1 = 1 to NumDensZones
read in
FillFact(i].Density
FillFact[i).FeedFillFactor
FillFact(i}.DistFillFactor

*W — see below

read in the values for the array Sharing from the file sharing.txt:

for i = 1 to NumDensZones
read in
Sharing(i] . Density
Sharing(i] .bux_share
Sharingii) .ugd share
Sharing(i} . aer_share

"W - see below

read in the vaules for the array SurfText from the file soiltx.txt:
NurTexTypes =

for each line in the file

NumTaxTypes = RumTexTypes + 1
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read in program feeddist

SurfText ([NumTexTypes] . Texture
SurfText [NumTexTypes] . impact

procedure process
passed variables:

*W - the files softrock.txt, hardrock.txt, mhspace.txt, distrmix.txt, fdrmix.txt, fillfact.txt and sharing.txt are all assumed to area

name

have the same ber of density el s the file normal.txt. This requirement is never enforced.
local variables:
i
deisity

i

intite

- o ) ) make sure the file {areaname}.COO exists and has data

redd tHe Epllowing variablés from the file states’Ext, Based Ooh tha durrent state: open the file coordinate file with the filename: {areaname}.COO
make sure the file (areaname}.BIN exists and has data
open the file gridfile with the filename: {areaname}.BIN
make sure the file [areaname}.DEN exists and has data
open the file DENfile with the filename: {areaname}.DEN

‘ocedure DisposeTables
This procedure frees up memory used by the table arrays. This is a memory management if both files exist and have data then continue

procedure only.

read the values in coordinate_file into CR

call get user parameters
call get:cost data
call get state data

O |

rst, calculate distribution cost, including SAI cost. We will |
store all SA information in an array. /

lines served = zero

num__

SAs = 0

tfor each record in the file gxridfile

num SAs =

num SAs + 1

read a record from the file gridfile into GR

call optimize SAI arrangement (distrib.pas)
pass variables:
SwitchX = GR.SwitchX
SwitchY = GR.SwitchY
GR = GR
*SA = SA

*grid_lines_served = gzid lines_served

*W - These are all global variables being passed to and from the procedure.

insert the value returned in SA into the array SA array
SA_array(mm_ SAs] = SA

(global.pas)
(global.pas}
tglobal.pas}
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lines served = lines served + grid lines served

next record

Read from DENFLle into’ variible density

call optimize_feeder_ arrangement
pass variables:
SwitchX

*ugd_cable
*bur_cable
*aer cable
*ugd fiber
*bur_fiber
*aer_fiber
*ugd_structrue
*bur_structure
*aer_structrue
*ManholeCost

SO LRASORE.

= fead buxr cable

feed aer cable
fead_ugd fiber
fead bur fiber
feed aer fiber
fead ugd structure
feed bur structure
feed_aer_structure
FeadManboleCost

C EAC PEGHOORE T Fedd Bp11ce _cowt

{ Now collect results and print out.

*W - These sre all global variables being passed to and from the procedure.

tot_tterms
tot_ftemms

Total investment
Total lines
tot_reslines

tot _Dduslines
tot_dropfeat
tot_distfeet
tot_feedfeet

tot distcost

tot dropcost
tot_ftcost

tot ttcost
tot_fdicost
tot_nidcost
tot_dtcost
tot_SpclAcclines
tot households

[ T T S SO U O T |

L]

oo

Zaro
zaro
Zexro
Z@xro
Zerxro
zexo
Zero
Zzero
zero
zero
zexo
z8X0
z8I0
OO
zéro
ZOro

(feeder.pas)
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dist_ugd cable
dist_bur cable
dist_aer_cable

dist ugd structure
dist_bur_ structure
dist _ser structure
DistManholeCost
CalcCuFeedrill
CaleCuDistiFill

tot DLC lines

tot sais

tot_area

feeddist.pas

| O T O O I |

for 1 = 1 to num SAs

zaxrd
zaxo
zaro
Zexo
zexro
zexo
zexro
zexro
zero
zero
Z8xro
zexo

Total lines = Total lines + SA arrayli].lines

tot tterms = tot tterms + SA_array[i}.nc96 + SA array(i].nmc24
+ SA array[i].snc96 + SA_array[i].snc24

tot_ftemms = tot fterms + SA array[i].n2016 + SA_array([i].n672
+ SA array[i].n96 + SA_array[i}.n24

tot_reslines = tot raslines + SA_axray[i].Reslines

tot buslines = tot buslines + SA array{i].BuslLines

tot_sais = tot_sais + SA_array(i].number_of SAIs

tot_arsa = tot_area : SA array(i].lines / SA array[i] .denaity

tot_dropfeet = tot_dropfeet + SA_array[i].gzrid drop feet

tot_distfeet = tot_distfeet + SA array[i].grid line feet

tot feedfeet = tot feedfeet + SA_array[i] .DistToSwitch * SA_array[i].lines

tot_distcost = tot_distcost + SA array(i].grid distribution_ cost

tot_dropcost = tot_dropcost + SA_array[i].drop cost

tot_ftcost = tot ftcost + SA array([i].fiber temminal cost

tot_ttcoat = tot ttcost + SA arxay[i].tl tesminal cost
+ SA array[i].secondary tterm cost

tot_fdicost = tot fdicost + SA array[i].interface cost

tot nidcost = tot_nidcost + SA_arrayli].nid cost

tot_dtcost = tot_

tot h holds =

dtcost + SA_array[i]).drop teminal cost

tot_sSpclicclines

tot b ids + SA_arrayfi].households

= tot SpclAccliunes + SA_array[i].SpclAccessLines

20



.eddist.pas
+ SA array[i].SpclAccessDS1 * 12.0

dist bur cable = dist_bur cable + SA arrayl[i].bur cable
dist _aer cable = dist_aaer cable + SA_arrayli].aex cable

dist ugd cable = dist ugd cable + SA_array(i].ugd cable
dist ugd structure = dist ugd structure + SA array[i].ugd structure

dist_bur structure = dis¢ bur structure + SA array[i].bur structure
dist_aer_structure = dist_aer_structure + SA_array(i].aer_structure
DistManholeCost = DistManholeCost + SA array[i].ManholeCost

CaleCuDistFill = CalcCuDistFill + SA array[i].lines

* £ill_factor_fn(SA array[i].density,0) (global.pas)

if (SA array[i].n2016 + SA_array[i].n672 + SA array[i].n96 + SA array[i].n24) = 0
then CalcCuFeedfill = CalcCuFeedFill + SA array[i].lines
* £ill_factor_ fn(SA array(i].demsity,l) (global.pas)

if (SA array[i].n2016 + SA array[i].n672 + SA_array[i].n96 + SA arrayl[i].n24) > 0
then tot DILC lines = tot DLC lines + SA array[i].lines

next

Total investment = tot_feedcost + tot distcost + tot_dropcost + tot fdicost
+ tot_ttcost + tot ftcost + tot_nidcost + tot_dtcost

sverage investment = total_ investment / total lines
avg_droplength = tot_dropfeet / total lines

avg distlength = tot distfeet / total lines

avg feedlength = tot feedfeet / total lines
CalcCuDistFill = CalcCuDistFill / total lines
calcCuFeedFill = CalcCuFeedFill / total lines

call PrintOut

sTART OF MAIN PROGRAM

check for command line parameters - set the following variables
areaname

CloseWindow

verboseOut

psePrimDist

o4 Sty

21

feeddist.pas

if areaname = 'batch' then
do_batch = true
open the file batchfile with the filename 'batch.lst'
call process for each areaname in batchfile
else
call p with
end if

{feeddist.pas)

(feeddist.pas)

*W - Passing a global varable to the routine

22
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strib.pas

» only procedure used outside of this module is optimize S

SCEDURE sort2vecs

passed variables:

n
*ra
*rb

*his pracedure sorts the ar

:ocedure calculate_microgrid cost

passed variables:

GR

SA
microgrid_lines
NS_lots

EW_lots

gauge
*line_vector
*tie_in_vector
*vdim
*microgrid_cost
*mg_line_feet
*drop_feet
*drop_cost

*drop_terminal_cost

*MG_nid_cost
*ugd_cable
*bur_cable
*aer_cable
*ugd_structure
*pbur_structure
*aer_structure
*ManholeCost

local variables:

1

3

lines

factor
drop_length
lines _per_lot
total_lots
density
cable_cost
structure_cost
FillFactor

AI_arrangement

rays ra and rb into ascending order based on the value of ra

23

distrib.pas

uc

bc

ac

us

bs

as

mh
frontage
line_feet
pct_ugd
pct_bur
pct_aer

mgcounter = mgcounter + 1

lines = zero
factor = zero
drop_length = Z&IO
lines_per_lot = zero
total_lots = zerxo
density = zero
cable_cost = zero
structure_cost = Z@&ro
mg_line_feet = zero
FillFactor = zero
uc = zero
bc = ZOXo
ac = zero
us = zero
bs = Z@ro
as = zero
mh = Z@ro
ugd_cable = zero
bur_cable = zero
aer_cable = zero
ugd_structure = Zero
bur_structure = zaro
aer_structure = z@Xo
ManholeCost = zero

for i = 1 to 50

1ine_vector(i] = zero
tie_in_vector(i] = zero
next

{ correct for fill factor |

FillFactor = fill_faccoz_fn(density,0) (global.pas)
if FillFactor < 1.0e-6 then stop the program. Error = 'ERROR: Fill factor too small’

microgrid_lines = microgrid_lines / FillFactor

24
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total_lots = NS_lots * EW_lots

if total_lots < ome then stop the program. Error = 'ERROR:

Total lots < 1°

lines_per_lot = microgrid_lines / total_lots

{Starting at lower left of microgrid, we walk north up every other lot line,

accumulating lines and cable.

If we accumulate enough lines for a

new cable, we add it, repeating the exercise until we reach either
the midpoint of the northern boundary.}

microg

rid_cost = zexo

drop_terminal_cost = zexo
MG_nid_cost = zero

drop_c¢
lines
line_f
drop_f£
i=1
vdim =

ost = zero
= gzero

eet = zero
eet = zero

0

loop while i <= EW_lots

fa
1i
]

lo
{

{ border, in which case take in lots only on one side.

{

ctor = one
nes = zero
=1

op while 3 <= NS_lots
Take in lots on both sides, top and bottom, unless this is a microgrid )

If it is the }
corner, take in only one lot. }

‘/If at the top of grid OR the far right of grid, set factor to 2 lots
if i = EW_lots or j = NS_lots then

factor = 2
else

factor = 4
end if

“If at the top AND the far right of the grid (corner), set factor to 1 lot
if i = EW_lots and j = NS_lots then factor = one

lines = lines + factor * lines_per lot

structure_cost = call structure cost_fn
pass variables:

(structur.pas)

copper_lines = lines
fiber_lines =0

density = density
hardness = GR.hardness

depth_to_bedrock = GR.DepthTcBedrock

soil_texture = GR.SoilTexture
Minslope = GR.MinSlope
Maxslope = GR.MaxSlope
WaterTb = GR.WaterTb
feeder_indicator = 0
cooper_indicator = 1
fiber_indicator = 0
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*ugd_structure = us
*bur_structure = bs
*aer_structure = as
*manhole_cost = mh
*pct_ugd = pct_ugd
*pct_bur = pct_bur
*pct_aer = pct_aer
cable_cost = call dist_cable cost (cable.pas)
pass variables:
lines = lipes
denisty = density
gauge = gauge
*ugd copper = uc
*bur_copper = bc
*aer_copper = ac
pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer
if § <= (NS_lots - 2} then {frontage of 2 lots}
frontage = (2 / NS_lots) * GR.MicroGridNS * DistRoadFactor

microgrid cost = microgrid cost + frontage
* (cable_cost + structure_cost)

ugd_cable = ugd_cable + uc * frontage

bur_cable = bur_cable + bc * frontage

aer_cable = aer_cable + ac * frontage
ugd_structure = ugd_structure + us * frontage
bur_structure = bur_structure + bs * frontage
aer_structure = aer_structure + as * frontage
ManholeCost = ManholeCost + mh * frontage

line_feer = line_feet + frontage * lines
drop_terminal _cost = drop_terminal_cost + call drop_terminal cost_fn
(terminal.pas)
pass variables:
lines = factor * lines_per_lot
density = density

pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer

else if 3 = (NS_lots - 1} then {frontage of 1 lot}

frontage = (1 / NS_lots) * GR.MicroGridNS * DistRoadFactor

microgrid_cost = microgrid_cost + frontage
* (cable_cost + structure_cost)

ugd_cable = ugd_cable + uc * frontage
bur_cable = bur_cable + bc * frontage
aer_cable = aer_cable + ac * frontage
ugd_structure = ugd_styucture + us * frontage
bur_structure = bur_structure + bs * frontage
aer_structure = aer_structure + as * frontage
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ManholeCost = ManholeCost + mh * frontage

line_feet = line_feet + frontage * lines
drop_terminal_cost = drop_terminal_cost + call drop_terminal_cost fn
(terminal.pas)
pass variables:
lines = factor * lines_per_lot
density = density
pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer

else if (j = NS_lots) then {at the border, only drop terminals; no cabling)

drop_terminal_cost = drop_terminal_cost + call drop_terminal_cost_fn
{terminal.pas}

pass variables:

lines = factor * lines per_lot
density = density

pct_ugd = pct_ugd

pct_bur = pct_bur

pct_aer = pct_aer

//move up 2 lot lines
i =3+ 2
end of j loop (loop while j <= NS_lots)

mg_line feet = mg_line feet + line feet

line_feet = zero

vdim = vdim + 1

line_vector{vdim} = lines

tie_in_vector(vdim] = (1 / EW_lots) * i * GR.MicrogridEW

//move over two lot lines
i=1i+2
end of i loop (loop while i <= EW_lots)

{ Now we need to calculate drops to customer locations |}
drop_length = user lambda * 0.5
* sqrt{ sqr((l / NS_lots) * GR.MicroGridNs * DistRoadFactor )
+ s8gqr{{l / EW_lots) * GR.MicroGridEW * DistRoadFactor ))
+ (1 - user lambda)* 0.5 * (1 / NS_lots) * GR.MicroGridNs
* DistRoadFactor
if drop_length > max drop_length then drop_length = max drop_length

drop_cost = total_lots * drop_length * cost par drop kf
drop_feet = total_lots * drop_length

{ Finally, calculate cost of nids for this microgrid )

MG_nid_cost = mid cost * total lots
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procedure calculate_grid_distribution_cost

passed variables:
GR

SA

number of SAIs
SAIX

SAIY

*SAI_lines
*grid_distribution_cost
*grid_line_feet
*link_line_feet
*grid_drop_feet
*density
*grid_drop_cost
*grid_terminal cost
*grid_nid cost
*dist_lines_served
*link_cost
*term_cost

*nc%6

*nc24
*MaximumDistance
*ugd_cable
*bur_cable
raer_cable
*ugd_structure
*bur_structure
*aer_structure
“ManholeCost

local variables:
i

3

n

k
microgrid_cost
backbone_lines
main_back_lines
lines

flag

midx

midy

mindist
divider_col
divider_row
lots
microgrid_lines
EW_lots

NS_lots
microgrid_line_feet
microgrid drop_feet
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area

cable_cost
structure_cost
microgrid_drop_cost
microgrid nid_cost
microgrid_terminal_cost
total lines
rows_completed

re

tli_lines
FillFactor
line_vector
line_vectorl
line_vector2
tie_in_vector
tie_in_vectorl
tie_in_vector2
vdiml

vdim2

MaxDist

n96

n24

gauge

penalty

uc

bc

ac

us

bs

as

mh
prim_distribution_cost
prim_ugd_cable
prim_bur_cable
prim_aer_cable
prim_ugd_structure
prim_bur_structure
prim_aer_structure
prim ManheleCost
prim_line_feet
prim_drop_feet
prim_drep_cost
prim_nid_cost
prim_lines_served
prim_term_cost
prim MaximumDistance
test

pct_ugd

pct_bur

pct_aer

This is a procedure within the procedure

procedure late_bac!

distrib.pas

lccal variables
k

pct_ugd
pct_bur

pct_aer

0
0

vdiml
vdim2

n

if (1 > 0) and (flagii,j] = n} and (lines[i,j] > O)
and (i > rows_completed) then

( if microgrid below is populated )

lots = round(GR.households(i,j] * takerate)
+ round(GR.buslines(i,j} / lines per bus)

microgrid_lines = lines(i,J)
call lot_divide(lots, NS_lots, EW_lots )

call calculate microgrid cost
pass variables:

GR = GR

SA e = SR

microgrid_lines = microgrid_lines
NS_lots = NS_lots

EW_lots = EW_lots

gauge = gauge

*line_vector = line_vectorl

*tie in_vector = tie in_vectorl
*vdim = vdiml
*microgrid_cost = microgrid_cost
*mg_line_feet = microgrid_line_feet
=drop_feet = microgrid drop_feet
*drop_cost = microgrid_drop_cost
*drop_terminal_cost = microgrid terminal_cost
*MG_nid_cost = microgrid nid_cost
*ugd_cable = uc

*pur_cable = be

*aer_cable = ac

*ugd_structure = us

*pur_structure = bs

*aer_structure = as

*ManholeCost = mh

grid_distribution_cost = grid_distribution_cost * microgrid_cost * penalty

*W - need to see if penalty is being applied twice

grid_drop_cost = grid_drop_cost + microgrid_drop_cost

grid_terminal _cost = grid_terminal _cost + microgrid_terminal_cost

grid_nid_cost = grid_nid _cost + microgrid_nid_cost
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grid_line_feet = grid_line feet + microgrid_line_feet
grid drop_feet = grid_drop_feet + microgrid drop_feet

ugd_cable = ugd_cable + uc * penalty
bur_cable = bur_cable + bc * penalty
aer_cable = aer_cable + ac * penalty
ugd_structure = ugd_structure + us * penalty
bur_structure = bur_structure + bs * penalty
aer_structure = aer_structure + as * penalty
ManholeCost = ManholeCost + mh * penalty

uc = zero

bc = zexo

ac = zero

us = zero

bs = zero
as = zero
mh = zero
end if
if ((i + 1) <= GR.nrow) and (flag([i+1l,3) = n)

and (lines[i+1,3] > 0) and ((i+l) > rows_completed ) then
{ if microgrid above is populated }

lots = round(GR.households[i+l,j] * takerate)
+ round{GR.buslines{i+1,3} / lines_per bus)

microgrid lines = lines[i+l,73]
call lot_divide(lots, NS_lots, EW_lots ! (lotdiv.pas)
call calculate_microgrid cost

pass variables:
GR

{distrib.pas)

GR

SA
microgrid_lines = microgrid_lines
NS_lots = NS_lots
EW_lots = EW_lots
gauge = gauge

*line_vector

line_vector2

*tie_in_vector = tie in_vector2
*vdim = vdim2

*microgrid cost = microgrid cost
*mg_line_ feet = microgrid_line_feet
*drop_feet = microgrid drop_feet
*drop_cost = microgrid_drop_cost
*drop_terminal_cost = microgrid_terminal_cost
*MG_nid_cost = microgrid_nid_cost
*ugd_cable = uc

*bur_cable = bec

*aer_cable = ac

*ugd_structure = us

*bur_structure = bs

*aer_structure = as
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*ManholeCost = mh

grid_distribution_cost = grid_distribution_cost + microgrid_cost * penalty
grid drop_cost = grid_drop_cost + microgrid_drop_cost
grid_terminal_cost = grid_terminal_cost + microgrid terminal_cost
grid_nid_cost = grid nid_cost + microgrid_nid_cost
grid_line_feet = grid_line_feet + microgrid_line feet
grid_drop_feet = grid_drop_feet + microgrid drop_feet
ugd_cable = ugd_cable + uc * penalty
bur_cable = bur_cable + bc * penalty
aer_cable = aer_cable + ac * penalty
ugd_structure = ugd_structure + us * penalty
bur_structure = bur_structure + bs * penalty
aer_structure = aer_structure + as * penalty
ManholeCost = ManholeCost + mh * penalty
uc = zero
bc = zero
ac = zero
us = zerxo
bs = zero
as = zero
mh = zexo

end if

1t vdimi > O then

tor k = 1 to vdiml

line_vector(k] = line_vectorl({k]

tie_in_vector (k] = tie_in_vectorl (k]

dist lines_served = dist_lines_served + line_vectorl (k]
next

1f vdim2 > 0 then
for k = 1 to vdim2
line_vector([vdiml+k] = line_vectox2(k])
tie_in_vector([vdiml+k] = tie in_vector2(k}
dist_lines_served = dist_lines_served + line_vector2(k]
next
if (vdiml+vdim2) > 1 then
call sort2vecs(vdiml+vdim2 ,tie_in_vector, line_vector) (distrib.pas)
end if

{Bring forward lines from previous microgrids }

structure_cost = call structura_cost_fn
pass variables:

(structur.pas)
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cable cost = call
pass

backbone_lines

0

density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb

0

1

0

*us

*bs

*as

*mh

*pct_ugd

*pct_bur

*pct_aer .

|
Vs
dist_cable cost (cable.pas)

variables:

backbone_lines

dens

ity

gauge

*uc
*be
*ac

pct_ugd
pct bur
pct_aer

1f (vdiml + vdim?2

) » 0 then

grid_distribution_cost = grid_distribution_cost

+ abs(tie_in_vector(l}) * DistRoadFactor
*{cable_cost + structure_cost) * penalty

ugd_cable = ugd cable + uc * abs(rie_in_vector(l])) * DistRoadFactor
* penalty

bur_cable = bur_cable + bc * abs(tie_in_vector({l]) * DistRoadFactor
* penalty

aer_cable = aer_cable + ac * abs(tie_in_vector(l)) * DistRoadFactor
* penalty

ugd_structure

bur_structure

aer_structure

= ugd_structure + us * abs(tie_in_vector([l]) * DistRoadFactor
* penalty

= bur_structure + bs * abs(tie_in_vector{l]) * DistRoadFactor
* penalty

= aer_structure + as * abs(tie_in_vector(1]) * DistRoadFactor
penalty

*
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ue =

ac =
us =
bs =
as =
mh =

grid_

else

zexo
zexo
zero
zero
zero
zero
zaxrco

line_feet

MapholeCost + mh * abs{tie_in_vector[1l]) * DistRoadFactor
* penalty

= grid_line_feet + backbone_lines
* abs(tie_in_vector(l]) * DistRoadFactor

' No lines here, so cross microgrid }

grid distribution_cost = grid distribution_cost + abs(GR.MicroGridEW)

ugd_c
bur_c

aer_c

ugd_structure

bur_structure

aer“structure

able

able

able

* DistRoadFactor * (cable_cost + structure_cost)
* penalty

ugd_cable + uc * abs(GR.MicroGridEW) * pistRoadFactor * penalty
bur_cable + bc * abs(GR.MiCroGridEW) * DistRoadFactor * penalty

aer_cable + ac * abs{GR.MicroGridEW) * DistRoadFactor * penalty

= ugd_structure + us * abs(GR.MicroGridEW) * DistRoadFactor
*+ penalty

= bur_ structure + bs * abs(GR.MicroGridEW) * DistRoadFactor
* penalty

= aer_structure + as * abs(GR.MicroGridEW) * DistRcadFactor
penalty

*

ManholeCost ManholeCost + mh * abs(GR.MicroGridEW) * DistRoadFactor
* penalty
uc = zero
bc = zero
ac = zero
us = zero
s = zero
as = zero
mh = zero
grid line_feet = grid line_feet + backbone_lines * abs(GR.MicroGridEw)
* DistRoadFactor
end if

{ Capture lines from these microgrids )

if (vdiml + vdim2) > 0 then
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backbone_lines = backbone_lines + line_vector(l]
if {(vdiml + vdim2) >= 2 then

for k = 2 to vdiml + vdim2

structure_cost = call structure_cost fn (structur.pas)
pass variables:
backbone_lines
¢}
density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
0
1
0
*us
*bs
*as
*mh
*pct_ugd
*pct_bur
*pct_aer

cable_cost = call dist_cable_cost {cable.pas)
pass variables:
backbone_lines
density
gauge
*uc
*be
*ac
pct_ugd
pct_bur
pct_aer

grid_distribution_cost = grid _distribution cost +
abs (tie_in_vector(k] - tie in_vector(k-1})
* DistRoadFactor
* (cable_cost + structure_cost)* penalty
ugd_cable = ugd_cable + uc
aps(tie_in_vector([k] - tie_in_vector[k-l])
DistRoadFactor * penalty

» * 0

bur_cable = bur_cable + bc
abs (tie_in_vector(k] - tie_in_vector{k-1])
DistRoadFactor * penalty

* *

aer_cable = aer_cable + ac
* abs(tie_in_vectorlk] - tie_in_vector(k-1])
DistRoadFactor * penalty

*
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ugd_:

bur_

aer_

structure = ugd_structure + us
abs{tie_in_vector[k] - tie_in_vector(k-1])
DistRoadFactor * penalty

. *

structure = bur_structure + bs
* abs(tie_in_vector(k] - tie_in_vector(k-1])
+ DpistRoadFactor * penalty

structure = aer_structure + as
* abs(tie_in_vector{k] - tie_in_vector (k-1])
DistRoadFactor * penalty

*

ManholeCost = ManholeCost + mh
* abs(tie_in vector(k] - tie_in_vector(k-1])
* pistRoadFactor * penalty
uc = zero
bc = zero
ac = zero
us = zero
bs = zero
as = zero
mh = zero
grid_line_feet = grid _line_feet + backbone_lines
* abs(tie_in_vector(k] - tie_in_vector(k-1])
* DistRoadFactor
backbone lines = backbone_lines + line_vector (k]
next k
snd 1f ¢ iflvdiml ¢ vdim2) >= 2)

{ Bring forward lines to next microgrids |

structure_co

st = call nc:uctu:._pont_fn {structur.pas)
pass variables:
backbone_lines
0
density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
0
1
0
*us
*bs
*as
*mh
*pct_ugd
*pct_bur
*pct_aer
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cable_cost

grid_distribution_cost

ugd_cable

bur_cable

aer_cable

ugd_structure

bur_structure

aer_structure

* * |l

ManholeCost
uc = zero
bc = zero
ac = zero
us = zero
bs = zerxo
as = zero
mh = zero

= call dist_cable cost
pass variables:
backbone_lines
density
gauge
*uc
*be
*ac
pct_ugd
pct_bur
pct_aer

{cable.pas)

grid_distribution_cost
3bs (GR.MicroGridEW - tie_in_vector{vdiml+vdim2])
pistRoadFactor * {cable_cost + structure_cost)

penalty
ugd_cable + uc

abs (GR.MicroGridew - tie_in_vector[vdiml+vdim2])
DistRoadFactor * penalty

o+

bur_cable + be
abs (GR.MicroGridEW - tie_in_vector[vdim1+vdim2])
pistRoadFactor * penalty

aer _cable + ac
abs (GR.MicroGridEWw - tie_in»vector”[vdiml+vdim2l)
DistRoadFactor * penalty

= ugd_structure + us
* abs (GR.MicroGridEW - tie_in_vector[vdim1+vdim2H
* pistRoadFactor * penalty

bur_structure + bs
abs (GR.MicroGridEW - tie_in_vector[vdiml+vdim2])
DistRoadFactor * penalty

L |

= aer_structure + as
* abs(GR.MicroGridEW -~ tie“in_vector[vdim1+vdim2])
* pistRoadFactor * penalty

= ManholeCost + mh
+ abs (GR.MicroGridEWw - tie_in_vector [vdiml+vdim2])
+ DistRoadFactor * penalty
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grid_line_feet

vdiml
vdim2

0
0

grid_line_fee
abs (GR.MicroGride!

t + backbone_lines

DistRoadFactor

end if (if (vdiml+vdim2)

> 0)

end procedure calculate_grid_distribution_cost

{main procedure }

mgcounter
microgrid_cost
backbone_lines
main_back_lines
midx

midy

mindist

lots
microgrid_lines
EW_lots

NS_lots
microgrid_line_feet
microgrid_drop_feet
area

cable_cost
structure_cost
microgrid_drop_cost
microgrid_nid_cost

microgrid_terminal cost

total_lines

grid_distribution_cost

grid‘line_feec
link_line_feet
grid_drop_feet
density
grid_drop_cost
grid_terminal_cost
grid_nid_cost
dist_lines_served

divider_col
divider_row
rows_completed
rc

nc96

nc24

uc
bc
ac
us
bs

[ |

[ A ]

W - tie_in_vector*(vdim1+vdim2])
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as = zero
mh = Z@ro
ugd_cable = zero
bur_cable = zero
aer_cable = zerxo
ugd_structure = z@rO0
bur_structure = zero
aer_structure = ze&ro
ManholeCost = zero
link_line_feet = zero
for i = 1 to 50
line_vector{i]) = zerxo
line_vectorl[i] = zero
line_vectorZ{i] = zero
tie_in_vector{i] = zearo
tie_in_vectorl(i) = zero
tie _in_vector2[i] = zero

next

for i = 1 to 50
for j = 1 to 50
lines[i,j] = zexo
flag(i,j] = 0
next
next

area = zero
total_lines = zero
Aensity = zero

s/cumylate lines and area for the grid

for i = 1 to GR.nrow
for 1 = 1 to GR.ncol

lines[i, 3] = GR.households([i,j] * takerate * lines per house
+ GR.buslines([i,}]
//looks like this is an attempt to remove DS1 lines
- (11 / 12) * (1 - SpclAccessRatio)* pct dsl * GR.buslines[i,}]
- (11 / 12) * pct_lsa * SpclAccessRatio * GR”.buslines[i,}]

+W - GR.buslines was modified in the opti

if lines[i,3] > 0

area = area + GR.Micro

_SALarr

then

¢t procedure

GridEW * GR.MicroGridNs / (5.28 * 5.28)

total_lines = total_lines + lines[i, ]

next 3
next i

if area > 0 then

density = total_lines / area

else
density = zero
end if

{First, we need to determine which microgrids are attached to which SAI )

for i = 1 to GR.nrow
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for 3 = 1 to GR.ncol
//flag is used te indicate which SAI
flag(i,j} =1
midx = GR.LowerLeftX + (j - 0.5) * GR.MicroGridEwW
midy = GR.LowerLeftY + (i - 0.5) * GR.MicroGridNS
mindist = abs (midx - SAIX[1l]) + abs(midy - SAIY[1])

for n = 2 to number_of_ SAIS
if {abs{midx - SAIX[nl) + abs (midy - SAIY[n])) < mindist then
mindist = abs(midx - SAIX[n}) + abs (midy - SAIY([n})
flag{i,jl = n
end if
next n
next j
next 1

for n = 1 to number_of SAIs

SAI_lines[n] = zero
MaxDist{n] = zero

for i = 1 to GR.nrow
for 3 = 1 to GR.ncol

if (flag[i,j] = n ) and (lines(i,j] > 0) then
SAI_lines[n] = SAI_lines(n] + lines[i, 3}
//why don't these calculations use the same format as above?
midx = GR.LowerLeftX + j * GR.MicroGridEW - half * GR.MicroGridEW
midy = GR.LowerLeftY + i * GR.MicroGridNS - half * GR.MicroGridNS
//should use global max() function
if (abs(midx - SAIX{n)) + abs(midy - SAIY(n]))
+ pDigtRoadFactor > MaxDist~([n] then
MaxDist{n} = (abs(midx - SATX{n})} + abs{midy - 3SAIYin))
* pistRoadFactor
end 1f

end if
next j
next i
next n
#W - Not necessary to loop throught entire grid structure twice to find min, max distances
MaximumDistance = MaxDist(1]

for n = 1 to number_of_ SAIs

if MaxDist[n)] > MaximumDistance then MaximumDistance = MaxDist({n]

next n
{ Now flag points to the nearest SAI for each microgrid cell. }
{ We are now ready to calculate backbones. }

grid_drop_cost = zero
grid_terminal_cost = zero
grid_nid_cost = zero
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grid_distribution_cost = zero
grid_line_feet = zero
grid_drop_feet = zaro
dist_lines_served = zero

for n = 1 to number of SAIs

( First, calculate the gauge needed. |}
if MaxDist([n] > copper gauge xover then
gauge = g24
else
gauge = g26
end if

; Now we handle any situations where customers are too far from an SAI |

if MaxDist(n) > max coppes_distance then
penalty = MaxCopperPenalty

else

penalty = one
end if
{ We now need to divide the SA into quadrants with the SAT }
{ serving as the "origin." }
divider_col = round(abs(SAIX(n] - GR.LowerLeftX) / GR.MicroGridEW)

divider_row = round(abs(SAIY{n] - GR.LowerLeftY) / GR.MicroGridNS)

; Below, we calculate for the region south of the SAI }

L=l
main_back_lines = zero
vdiml = 0

vdim2 = 0
rows_completed = 0

rc =0

loop while 1 <= divider_row

rc =1+ 1
backbone_lines = zexe¢

if divider_col > 0 then
for j = 1 to divider_col
call accumulate backbone
next
end if

{from western border to SAI column)
(distrib.pas)

main_back_lines = main_back_lines + backbone_lines
backbone_lines = zero

vdiml = 0

vdim2 = 0
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if GR.ncol > divider_col then

for j = GR.ncol downto divider_col + 1 {from eastern border to SAI column}

accumulate_backbone
next
end if

(distrib.pas)

main_back_lines = main_back_lines + backbone_lines

if i = divider_row - 1 then ({only one microgrid depth}

structure_cost = call structure_cost_fn

(structur.pas)

pass variables:
main_back_lines

0
density
GR,hardness

GR.DepthToBedrock
GR.S0ilTexture

GR.MinSlope
GR.MaxSlope
GR.WaterTb
0

1

0

*us

*bs

*as

*mh
*pct_ugd
*pct_bur
‘*pct_aer

cable cost = call dist _cable cost

{cable.pas)

pass variables:
main_back_lines

density
gauge
*uc

*be

*ac
pet_ugd
pct_bur
pct_aer

grid_distribution_cost =
*
*

grid_distribution_cost + GR.MicroGridNs
DistRoadFactor
(cable_cost + structure_cost) * penalty

*W - looks like cable distance penaity is also applied to structure costs, also why isn't penalty applied to cable over critical

distance

grid line_feet = grid_line_feet + main_back lines
* GR.MicroGridNS * DistRoadFactor

ugd_cable = ugd_cable + uc * GR.MicroGridNS * DistRoadFactor

* penalty
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bur_cable = bur_cable + bc * GR.MicroGridNs * DistRoadFsctor
penalty
aer_cable + ac * GR.MicroGridNs * DistRoadFactor
penalty

»

aer_cable

*

ugd_structure = ugd_structure + us * GR.MicroGridNs
* DistRoadFactor * penalty

bur_structure = bur_structure + bs * GR.MicroGridNS
DistRoadFactor * penalty

*

aer_structure = aer_structure + as * GR.MicroGridNS
DistRoadFactor * penalty

-

ManholeCost = ManholeCost + mh * GR.MicroGridNS * DistRoadFactor

* penalty
else if i <> divider_row then {two microgrid depth/} \
structure_cost = call structure_cost_fn / (structur.pas)

pass variables:
main_back_lines

0

density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope

GR.WaterTb

5

1

i}

rus

*bs

*as

*mh

*pet_ugd

*pct_bur

*pct_aer
cable_cost = call dist_cable_cost (cable.pas)

pass variables:
main_back_lines
density
gauge
*uc
*be
*ac
pct_ugd
pct_bur
pct_aer
grid_distribution_cost grid distribution_cost
GR.MicroGridNS * DistRoadFactor * 2
(cable_cost + structure_cost) * penalty

* 4+ 0
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grid_line_feet = grid_line_feet + 2 * main_back_lines
* GR.MicroGridNS * DistRoadFactor

ugd_cable = ugd_cable + uc * 2 * GR.MicroGridNS * DistRoadFactor
* penalty

bur_cable = bur_cable + bc * 2 * GR.MicroGridNS DistRoadFactor
penalty

*

aer_cable = aer_cable + ac * 2 * GR.MicroGridNS DistRoadFactor
penalty

*

ugd_structure = ugd_structure + us * 2 * GR.MicroGridNs
* DistRoadFactor * penalty

bur structure = bur_structure + bs * 2 * GR.MicroGridNs
* DistRoadFactor * penalty

aer_ structure = aer_structure + as * 2 * GR.MicroGridNs
* DistRoadFactor * penalty

ManholeCost = ManholeCost + mh * 2 * GR.MicroGridNs
* DistRoadFactor * penalty
end if

1 =4 + 2 { run backbone down every other row )

end loop (loop while i <= divider_row)

rows completed = rc

Now we need to valculate for the region north of the SAI

i = GR.nrow - 1
main_back_lines = zero
vdiml = 0

vdim2 = 0

loop while (i >= rows_completed)
backbone_lines = zero
vdiml = 0
vdim2 = 0

if divider_col > 0 then
for j =1 to divider_col { from western border to SAI column )
call late backb (distrib.pas)
next
end if

main_back_lines = main_back_lines + backbone_lines
packbone_lines = zero

vdiml = 0

vdim2 = 0
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if GR.ncol » divider_col then
for 4 = GR.ncol downto divider_col + 1 {from eastern border to SAI column}

call accumulate_backbone
next
end if

(distrib.pas)

main_back_lines = main_back_lines + backbone_lines

if (i = divider_row + 1) then {only one microgrid depth }
structure_cost = call structure cost_fn (structur.pas)

pass variables:
main_back_lines
0
density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSleope
GR.WaterTb
0
1
0
*us
*bs
*as
*mh
*pct_ugd
*pct_bur
*pct_aer

cable cost = call diast_cable cost
pass variables:
main_back_lines
density
gauge
*uc
*be
*ac
pct_ugd
pct_bur
pct_aer

{cable.pas)

grid_distribution_cost = grid_distribution_cost + GR.MicroGridNs
* DistRoadFactor
>

{cable_cost + structure_cost) * penalty

grid line_feet = grid_line feet + main_back_lines
* GR.MicroGridN$ * DistRoadFactor

ugd_cable = ugd_cable + uc * GR.MicroGridNs * DistRoadFactor
penalty

-

pur_cable = bur_cable + bc * GR.MicroGridNs * DistRoadFactor
penalty

L3
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aer_cable = aer_cable + ac * GR.MicroGridNS * DistRoadFactor

* penalty

ugd_structure = ugd_structure + us + GR.MicroGridNS * DistRoadFactor

* penalty

bur_structure = bur_structure + bs * GR.MicroGridNS * DistRoadFactor

* penalty

aer_structure = aer_structure + as * GR.MicroGridNs * DistRoadFactor

* penalty

ManholeCost = ManholeCost + mh * GRMicroGridNS * DistRoadFactor

*+ penalty

else if i <> divider_row then

structure_cost = call structure cost_fn
pass variables:
main_back_lines
0
density
GR.hardness
GR.DepthToBedrock
GR,SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
0
1
0
*us
*bs
*as
*mh
*pct_ugd
*pct_bur
*pct_aer

cable_cost = call dist_cable cost
pass variables:
main_back_lines
density
gauge
*uc
*bc
*ac
pct_ugd
pct_bur
pct_aer

{two microgrid depth)

(structur.pas)

(cable.pas)

grid_distribution_cost = grid_distribution_cost + GR.MicroGridNs

* 2 * DistRoadFactor

+ (cable_cost + structure_cost) ~ penalty

grid_line_feet = grid line_feet + 2 * main_back_lines * GR.MicroGridNs

+ DistRoadFactor
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ugd_cable = ugd_cable + uc * 2 * GR.MicroGridNS * DistRoadFactor
* penalty

bur_cable = bur_cable + bc * 2 * GR.MicroGridNS * DistRoadFactor
penalty

*

aer_cable = aer_cable + ac * 2 * GR.MicroGridNS * DistRoadFactor
penalty

+

ugd_structure = ugd_structure + us * 2 * GR.MicroGridNS * DistRoadFactor
* penalty

bur_structure = bur_structure + bs * 2 * GR.MicroGridNS * DistRoadFactor
* penalty

aer_structure = aer_structure + as * 2 * GR.MicroGridNS * DistRoadFactor
penalty

*

ManholeCost = ManholeCost + mh * 2 * GR.MicroGridNS * DistRoadFactor
* penalty
end if

i=1i-2 { run backbone down every other row |}

end loop (loop while (i >= rows_completed))

next n

jrid_line_feet = (grid_line feet / dist lines_served) * total lines

if UsePrimDist or (density < ¥00 PrimCutOffDensity) then

prim_distribution_cost = zero

prim_ugd_cable = zero

prim_bur_cable = zerxo

prim_aer_cable = zero

prim_ugd_structure = zero

prim_bur_structure = zero

prim_aer_structure = zero

prim_ManholeCost = zero

call calculate prim distribution_cost {(primdist.pas)
pass variables:

GR

number_of_SAIs

SAIX

SALY

density

FillFactor

lines

flag
+prim_distribution_cost
*prim_line_feet
*prim_drop_feet
*prim_drop_cost
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tpri
*pri
*pri
*pri
*pri
*pri.
*pri
*pri
*pri
*pri
*pri

if
+
&
¥

<
(
+

+
+

then

end
end if

{Now we
{We mini

m_nid_cost
m_lines_served
m_term_cost
m_MaximumDistance
m_ugd_cable
m_bur_cable
m_aer_cable
m_ugd_structure
m_bur_structure
m_aer_structure
m_ManholeCost

ac_ugd _cop * prim_ugd_cable + ac_bur _cop * prim_bur_cable

ac_aer cop * prim_aer_cable + ac_ugd struc * prim_ugd structure
ac_bur struc * prim bur_structure + ac_ser struc * prim_aer_structure
ac_Manhole * prim_ManholeCost)

ac_ugd cop * ugd_cable + ac_bur_cop * bur_cable

ac_aer cop * aer_cable + ac_ugd_struc * ugd_structure
ac_bur_struc * bur_structure + ac_aer_struc * aer_structure
ac_Manhole * ManholeCost)

grid_distribution_cost = prim_distribution_cost
ugd_cable = prim_ugd_cable

bur_cable = prim_bur_cable

aer_cable = prim_aer_cable

ugd_structure = prim_ugd_structure
bur_structure = prim_bur_structure
aer_structure = prim_aer_structure

ManholeCost = prim_ManholeCost
grid line_feet = prim_line feet
grid_drop_feet = prim_drop_feet
grid_drop_cost = prim_drop_cost
grid_nid_cost = prim_nid_cost

qriq:lin;q_:orv.d = prim_lines_served
grid_terminal_cost = prim_term_cost
MaximumDistance = prim_MaximumDistance
if

need to handle the connection between the primary and secondary SAIs.}

mize structure cost in connecting the SAIs using the algorithm suggested)

{by Prim, Bell System Technical Journal, 1957. }

call get_link_cost (primsai.pas)
pass variables:

number_of_ SAIS

SA

SAI_lines

saix
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saiy
density
*link_cost
*term_cost
*link_line_feet
*ncee
*nc24

*uc

*bc

*ac

*us

*bs

*as

*mh

grid_distribution_cost = grid distribution_cost + link_cost + term_cost
ugd_cable = ugd_cable + uc
bur_cable = bur_cable + bc
aer_cable = aer_cable + ac
ugd_structure = ugd_structure + us
bur_structure = bur_structure + bs
aer structure = aer_structure + as
ManholeCost = ManholeCost + mh

W - doesn't

ppear that di: for linking cables are carried forward

»rocedure optimize SAI_arrangement

passed variables:
SwitchX

SwitchY

GR

* SA

* grid lines served

local variables:

i

3

number_of SAIs

% -

Y
distribution_gauge
grid_distribution_cost
grid_line_feet
grid_drop_feet
density

drop_cost
drop_terminal_cost
nid_cost

mincost

link_cost
term_cost
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nc9%6

nc24
MaximumDistance
uc

bc

ac

us

bs

as

mh

SAI lines
link_line_feet

SA.SwitchX = GR.SwitchX

SA.SwitchY = GR.SwitchY

SA.ResLines = GR.gHouseholds * takerate * lines per_house
SA.BuslLines = GR.gBusinessLines
SA.lines = SA.ResLines + SA.Buslines
SA.DepthToBedrock = GR.DepthToBedrock
SA.Hardness = GR.Hardness
SA.SoilTexture = GR.SoilTexture
SA.WaterTb = GR.WaterTb

SA.MinSlope = GR.MinSlope

SA.MaxSlope = GR.MaxSlope

SA.quadrant = GR.quadrant

{ Calculate special access and switched DS1 lines |

SA.SpclAccesslines = SpcliccessRatio * GR.gBusinessLines

SA.SpclAccessDS1 = SA.SpclAccesslines * pet lsa

SA.SpclAccessLines = SA.SpclAccesslines - SA.SpclhccessDS1

SA.SwitchedDS1 = (GR.gBusinessLines - SA.SpclAccesslines) * pct_dsl
GR.gBusinesslines = GR.gBusinessLines - round (SA.SwitchedDS1l + SA.SpclAccessDS1)
SA.Households = GR.gHouseholds

{ Need two copper lines for each DS1, which carries 24 channels }
AW - not sure what this accomplishes, units are lines"2/channel

SA.SpclAccessDS1 = SA.SpclAccessDS1 * 2/24

SA.SwitchedDS1 = SA.SwitchedDS1 * 2/24

SA.number_of_SAlLs =1
SA.Grid_Distribution_Cost = zerxo

SA.MaxDistance = zZexo
SA.n2016 =0
SA.n672 =0
SA.n9%6 =0
SA.n24 =0
SA.nc96 =0
SA.nc24 =0
SA.snc96 = 0
SA.snc24 =0
SA.fiber_terminal_cost = zero
SA.tl_terminal cost = zero
SA.secondary_tterm_cost = zero
SA.interface_cost = zero
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SA.drop_cost = zero
SA.nid_cost = zero
SA.drop_terminal cost = zero
SA.grid_line_feet = zero
SA.grid_drop_feet = zero
SA.density = zero
SA.DepthToBedrock = zero
SA.WaterTb = zero
SA.MinSlope = zero
SA.MaxSlope = zero
SA.DistToSwitch = zero
SA.ugd_cable = zero
SA.bur_cable = zexo
SA.aer_cable = rzero
SA.ugd_structure = zero
SA.bur_structure = zero

SA.aer_structure = Z&ro

for i = 1 to 4
SA.SAI_lines{i] = zero

next

mincost = 1.0e+16

for number of_ SAIs = 1 to mak ZAYs do
grid_lines served = zero

SA.TypeOfSAI{l] = primary
if number _of SAIs > 1 then

for i = 2 to number_of_SAIs

SA.TypeOfSAI[i] = secondary

next

case number_of_ SAIs
case 1
x{1} = GR.cxl([1}
y[(1] = GR.cyl(l}]

case 2
for i = 1 to 2
x[i] = GR.cx2[i]
y{i) = GR.cy2({i}
next

case 3
for i = 1 to 3
x[i] = GR.cx3(i]
y[i] = GR.cy31i]
next

case 4
for i =1 to 4

isity

St

distrib.pas

x(i] = GR.cx4(il
y(i] = GR.cyd[i]
next

end case

for i = number_of SAIs + 1 to 4
x[i] = GR.cx4[i]
ylil = GR.cyd[i]

next

grid_distribution_cost = zero

call calculate grid distribution_cost

pass variables:

GR

SA

number_of_SAIs

X

Y

*SAI_lines
*grid_distribution_cost
*grid_line_feet
*link_line_feet
*grid_drop_feet
*density
*drop_cost
*drop_terminal_cost
*nid cost

+grid lines served
*link_cost
'term_cost

*nc94

*nc24
*MaximumDistance
*uc

*be

*ac

*us

*bs

*as

*mh

(distrib.pas)

if tac_ugd cop * uc + ac_bur cop * bc + ac_aer cop * ac
+ ac_ugd struc * us + ac_bur_ struc * bs + ac_aer struc * as
+ ac_manhole * mh + ac_tl] temm * term_cost) < mincost then

mincost
ac_manhole * mh

SA.number_of_SAIs

SA.X

SA.Y
SA.grid_distribution_cost
SA.secondary_tterm_cost

+

=
=
=

= ac_ugd cop * uc t ac_bur_cop * bc + ac_aer_cop * ac
+ ac_ugd struc * us
-

+ ac_bur struc * bs + ac_aer struc * as
ac_t1_term * term_cost

number_of_ SAIs
X

grid_distribution_cost - term cost
term_cost
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p3°

end if

SA.snc96

SA.snc24
SA.grid_line_feet
SA.link_line_feet
SA.grid_drop_feet
SA.density
SA.drop_cost

SA.drop_terminal_cost

SA.nid_cost
SA.MaxDistance
SA.ugd_cable
SA.bur_cable
SA.aer_cable
SA.ugd_structure
SA.bur_structure
SA.aer_structure
SA.ManholeCost
SA.lines_served

for i =1 to 4

SA.SAT lines{i]

next

o%t rumber _of SAIs
n

nc%6

= nc24

1

grid_line_feet
link_line_feet
grid_drop_feet
density

drop_cost
drop_terminal_cost
nid cost
MaximumDistance

= uc

bc
ac
us
bs

= as

mh

= grid lines served

SAI_linesi]
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the only procedure used outside of this module is optimize_ feeder_arrangement

function L1_distance
variables passed in:

Xl
x2
yl
y2

L1l_distance = abs(xl - x2) + abs (yl - y2)

function L2_distance
variables passed in:

x1
X2
vyl
y2

local constants:
KFPerStatMi = 5.28
StatMiPerMin = 1.1515
MinPerDegree = 60

1ocal variables:

degyl
degy?2
degX1l
degX2
cosa

alpha

deg¥l

deg¥2 =

degXl

degX2

yl / (KFPerStatMi * StatMiPerMin * MinPerDegree) + CR.OriginY
y2 / (KFPerStatMi * StatMiPerMin * MinPerDegree) + CR.OriginY
x1 / (KFPerStatMi * StatMiPerMin * MinPerDegree

cos (CR.reference_latitude * pi / 180)) + CR.OriginX

x2 / (KFPerStatMi * StatMiPerMin * MinPerDegree
cos (CR.reference_latitude * pi / 180)) + CR.OriginX

{ Here is the formula to calculate the great circle arc, taken from )
{ Love, Morris, and Wesolowsky: }

cosa

cosa

cosa

cos (degYl * pi / 180) * cos(deg¥2 * pi/180)
cosa * cos{ldegXl - degX2) * pi / 180)

cosa + sin(degYl * pi / 180) *sin(degY2 * pi / 180)
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